B one is considered a highly specialised type of connective tissue with a primary function to provide mechanical support to the human body. In addition, it exercises a regulatory effect on mineral homeostasis in the bloodstream, gaining it its constant dynamic state between bone resorption and bone mineralisation. 1 Starting from birth, bone mineralisation progressively increases throughout childhood until around 30 years of age, which is when the maximum value of bone density is reached, and therefore is defined as the peak bone mass. 2 Bone density is the average concentration of mineral content relative to surface area )bone unit(, and is largely constituted by hydroxyapatite crystals of calcium and phosphate. Factors that define bone mineral density )BMD( are either modifiable or non-modifiable, the latter demonstrating characteristics that do not allow for intervention such as age, gender, and genetic predispositions. 3 However, modifiable factors can be investigated, understood, and therefore manipulated in order to create the ideal environment that allows for the attainment of optimal peak BMD. These factors are mainly in the aspects of nutrition, physical activity, endocrine status, and general state of health. 3 Several approached approaches have been uncovered for measuring bone density, one of which is through a quantitative ultrasound )QUS(. Quantitative ultrasound operates through evaluating speed of sound )SOS(, and is therefore factored by velocity. This is carried out through analyzing the duration for the ultrasound waves to propagate through bone tissue. Important variables determining SOS include but are not limited to bone architecture, soft tissue thickness, and anthropometric findings such as height velocity and pubertal status. 4 Sites for measuring the SOS are the calcaneus, tibial shaft, patella, and distal radius. A major advantage that holds QUS in superiority over other methods of measuring bone density, in part, is its lack of harmful ionising radiation. Others include its ease of use, portability, cost-effectiveness, capability to provide additional insight on bone structure, and prompt analysis, with results available within a matter of minutes. The disadvantage is that it is operator dependent. A wide technological diversity exists between devices and the difficulty to compare obtained results with those of x-ray-based densitometric techniques. 5 Unfortunately, in Saudi Arabia, the genetic background, climate, customs, and traditions cultivate a propensity towards an unhealthy diet, a more sedentary lifestyle with decreased physical activity, and avoidance of sun exposure with a higher incidence of vitamin D deficiency. All of which result in a nation-wide predilection towards decreased bone mineral density, increased risk of pathological fracture, and development of osteoporosis. 6 The objective of this study was to investigate the determinants of BMD through screening healthy children attending general ambulatory paediatric clinics.
Methods. This is a descriptive, cross-sectional study carried out between May 2018 and January 2019 in Jeddah, Kingdom of Saudi Arabia. Individual patient consent and an ethical approval was obtained from the Research Ethical Committee at King AbdulAziz University prior to the commencement of this study. Considering the involvement of human subjects, we declare this study to be following the Helsinki declaration. Written informed consents were obtained from the parents or guardians of the children. Verbal assents were also obtained from the children at the time of the study. A special room was prepared in the paediatric clinics to interview the patients in private with their legal guardians. Children were randomly selected in accordance with the inclusion criteria and guardians informed about the study. Those who accepted to participate were recruited to the study room. Data was then collected using a standardised questionnaire that the co-authors drafted. Following that, anthropometric measures were taken and the BMD assessed using quantitative ultrasound. Results were given in Z scores and were explained to the patients legal guardians. No data collectors were recruited, all steps were carried out through by the co-authors. A total of 745 children were seen, of which 295 were excluded in accordance with the exclusion criteria. A final sample of 450 participants were investigated. The characteristics of subjects are provided in Table 1 .
The inclusion criterion was of all healthy children between 2 and 20 years old. Subjects were excluded if they were on any long-term medications like steroids, antiepileptics or immunosuppressives, suffered prior fractures, had metabolic disorders that could affect vitamin D or calcium metabolism, had chronic medical disease such as but not limited to eating disorders, growth hormone deficiency, inflammatory bowel disease, thyroid disorders, diabetes, and congenital adrenal hyperplasia. Additionally, children who were not able to provide consistent SOS results through the QUS screening were excluded. The aim of this study was to investigate environmental and lifestyle factors, predictors, and determinants of bone mineral density in healthy children visiting general paediatric clinics through quantitative ultrasound bone screening.
Children were grouped into separate categories according to various variables such as age, gender, pubertal stage, diet, physical activity, sun exposure, and supplement intake. Bone mineral density was assessed in all children with the mean then being calculated for each group and reported with respect to each category. Children were considered to be prepubertal if breast development was at tanner stage 1 or age was less than 8 years for female and a testicular volume less than 4ml or age less than 9 years in male. Dairy product intake and milk consumption was considered insufficient if it was less than 2-3 times per week. Children who were exercising for a minimum of 30 minutes duration at a frequency of 3 times or more per week were considered active. Sun exposure was considered sufficient if children spent more than 30 minutes outdoors during daytime. Supplemental intake was considered if doses of 500mg/day calcium and vitamin D 400-800units/day were within the recommended daily dose.
Literature search for similar study was through typing relative medical subject headings terminology in PubMed search engine while filtering search results to the minimum timeline of within the past 5 years duration in order to obtain to recent references.
Quantitative ultrasound for the measurement of bone mineral density. The evaluation of SOS at either right or left distal radii for each subject was carried through using the Sunlight Omnisense 7000S device )Sunlight Technologies, Rehovot(. The QUS constitutes a hand-held ultrasound probe emitting sound at a pulse of a particular frequency that is refracted through a certain angle from soft tissue to bone. A proportion of this returns from the bone at the same angle that is then received by the device. Therefore, the duration through which the ultrasound waves propagate through the bone tissue from signal emission to its detection at the transducer is measured as a value termed speed of sound )SOS( and consequently was attributed the unit of meters/second. There are 3 different types of QUS devices with respect to the form of ultrasound transmission employed: 1( trabecular sound transmission, 2( cortical transverse transmission, and 3( cortical axial transmission. The one used in this study operates through trabecular sound transmission. Measurements were taken from a site predefined by the manufacturer, which was the midpoint between the edge of the olecranon and the distal point of the third phalanx. The predefined diagnostic threshold with which this device operates is through an internal algorithm that attempts to obtain a mean value through 3 cycles that aims to detect a consistent SOS value that is then converted to a Z score using the manufacturer's data bank for age and gender matched SOS values for the right )SOS-R( and left )SOS-L( radii. Should the SOS values prove inconsistent, the algorithm fails to produce a report and the process would have to be repeated. As the device did not provide the speed of sound values directly, and rather converted them through an internal algorithm to a Z score matching age and gender, the range used to distinguish osteoporotic from normal subjects was the standardised reference used to interpret Z scores in the paediatric population. Children were considered to screen positively for osteoporosis if their Z score was -2 or below. All measurements were carried out by the same trained operator blinded to the patients data. Prior to each use, the device was standardized against a phantom control supplied by the company.
Statistical analysis. Data entry and statistical analysis was performed by Statistical Package for Social Sciences version 24 )IBM Corp, Armonk, NY, USA(. Categorical variables were expressed either in frequency or in proportion. Continuous variables were expressed in range, mean, and standard deviation. One-way ANOVA testing was carried to study the relationship between categorical variables and continuous variables, and was used to determine the presence or absence of a significant association, with calculated p<0.05 was interpreted to be significant. Significant results were further presented in linear graphs. The relationship Table 2 . Ninety-five percent confidence interval for the upper bound was -1.2618 and for the lower bound was -1.5643. This was added to the methods section under statistical analysis.
Results. Gender distribution was almost equal with females at a slight predominance of 52.6%. The mean age of children was 8.75 years. The mean bone density measured for all population was -1.4. A significant association on one-way ANOVA with bone mineral density was found with only 3 variables, which were height Correlating weight with Z score yielded p=0.097 which is a not significant result. Bone mineral density was shown to be higher in male than in female, with the mean Z score being -1.30 in the male gender population group and -1.50 in the female gender population group. Furthermore, a direct proportional relationship was demonstrated between the mean BMD and several risk factors studied, including pubertal status, physical activity, diet, sun exposure, calcium supplement intake, and type of feeding during infancy.
For pubertal status, children were grouped into 3 categories according to tanner staging. Bone mineral density was measured for all children with the mean BMD calculated for each group. The mean BMD was found to be higher with a directly proportionate trend in the groups with an advanced tanner stage when compared to the prepubertal group. Mean BMD in children at tanner stage one had a mean BMD of -1.38, tanner stage 2-3 had a mean BMD of -1.12, and tanner stage 3-4 had a mean BMD of -1.06.
When comparing the physically active group with the sedentary group, children who were physically active were found to have a mean BMD of -1.40 while those who led a more sedentary lifestyle had a mean BMD of -1.68. Diet also played a role in BMD acquisition. Children who consumed dairy products daily had a higher mean BMD when compared to those who never consumed dairy products, with relative mean BMDs of -1.30 when compared to -1.95. Drinking milk alone proved a similar relationship where children who drank milk on a daily basis had a mean BMD of -1.35 while those never drank milk were more closer to the osteoporotic range with mean BMD of -1.79.
In terms of sun exposure, a slight difference in BMD was noted between children who were exposed to sun for less than 15 minutes when compared to those exposed to sun for longer than 30 minutes with relative mean BMDs of -1.45 and -1.30. A similar modest relationship was seen between calcium supplemental intake and mean BMD, with a mean Z score of -1.17 in those who were on regular calcium supplements when compared to those who were not, -1.42.
Finally, children who were exclusively breastfed for the first 6 months and then given formula milk had the highest mean BMD of -1.27 when compared to groups of children who were either exclusively breast fed for the first 2 years had mean BMD of -1.35 or exclusively formula fed for the first 2 years with the mean BMD of -1.80.
Discussion. At the point of peak bone mass, osteoblastic bone formation is equally balanced by osteoclastic bone resorption. Shortly thereafter, the dynamic is tipped towards predominant bone resorption with a variable period of time ahead until a sufficient amount of bone density is lost and the considerable risk of fracture then surfaces. 8 Therefore, the more bone is formed throughout childhood and adolescence, the higher the peak bone mass, the longer the duration preceding the risk of osteoporosis. In this study we outline the determinants of bone mass in healthy children alongside the factors which compromise it in order to promote favourable customs and rituals that encourage bone density and increase awareness to the predictors of unsatisfactory bone health. The bulk of peak bone mass is formed during adolescence following the onset of puberty in attribution to the sudden acceleration in the formation of bone density as a result of pubertal changes. During puberty, levels of growth hormone and insulin growth factor )IGF-1( increase dramatically, mediating a positive effect on bone turnover through stimulating osteoblast proliferation and differentiation. This is witnessed particularly in females where pubertal levels of oestrogen not only directly increase bone density but modulate bone remodelling through osteoclastic resorption by suppressing bone turn over at the endocortical surface, leading to an increase in cortical thickness. 9 Furthermore, the release of potent prepubertal androgens into the circulation contribute to the accretion of bone strength by increasing muscularity. 10 This duration is therefore considered critical to the child's prevention of future osteoporosis and its associated morbidity as the net balance between bone resorption and bone mineralisation is temporarily in favour of bone formation. 11 The majority of our studied population were prepubertal, with 66.5% assessed through expert physical examination to be at tanner stage 1. This is acceptable considering that the studied population included children at an age as young as 2 years, with the mean age being 8 years old. All children were screened for a low BMD, they were then divided into 5 separate groups according to tanner stage with the mean BMD calculated for each group. Our findings show that children who were at a tanner stage 2 and above were found to have a higher mean of BMD than those who were still at stage 1, confirming the positive effect of the pubertal spurt on bone mineralisation. This is one example of the several factors that promote bone mineralisation. By favoring the activation of osteoblasts, bone mineralisation is mediated through recruiting calcium and phosphate from the circulation, increasing bone density and therefore, bone mass. Another example is physical activity with respect to weight. The response exhibited by skeletal tissue towards mechanical loading and stress is through a parallel increase in density and strength in order to achieve durability. 12 Vivanco-Muñoz et al 12 investigated the significance of physical activity as a prognostic factor for BMD in children showed a clear positive correlation with an increment relating to the number of hours and the intensity of exercise. Furthermore, physical activity during childhood and adolescence appears to be an important predictor of peak bone mass accounting for up to 17% of the variance in BMD between individuals in their late twenties. 8 It is evident and therefore logically acceptable that a higher BMD is correlated to a higher lean body mass, which is acquired through regular weight bearing exercise and is physiologically higher in the male gender. The effect of weight on BMD is thought to be mainly exerted by creating a load on weightbearing bones. 13 Therefore, underweight children are more likely to attain a lower BMD. Fortunately, 92.4% of our total sample were found to be physically active, with the BMD mean higher in physically active children than those who led a more sedentary lifestyle. However, regarding weight, our study concluded that it was not significant to BMD at a p=0.097. Predetermined examples that are not subject to intervention include age and gender. As previously mentioned, younger age is characterized by predominant bone formation and unbalanced osteoblastic activity, while older age is associated with predominant bone mass loss as a result of primary osteoclast-mediated bone remodelling and resorption. As our study only included children and therefore did not compare to other age groups such as adults and the elderly, age did not prove significant to BMD. Gender distribution was approximately proportionate with females constituting 52.6% of the sample. Physiologically, it is known that in the adult population, the male gender have a higher BMD than females, which we have proved to be the case even in children, as in our study, females were found to have a lower BMD mean comparatively to the males.
On the other hand, factors which promote the resorptive state do so through their effect on bone osteoclasts, favouring the dissolution of hydroxyapatite crystals in bone and releasing calcium and phosphate minerals into the blood, resulting in a lower bone density. An insufficient diet and an inadequate exposure to sun both lead to nutritional deficiencies in serum calcium and vitamin D, which in turn upregulates the production and release of PTH that parallels its effect on osteoclast activity, compromising the ongoing process of bone formation. Parathyroid hormone )PTH( acts indirectly on the mesenchymal cells that lead to the differentiation of osteoblasts, increasing the circulation of Interleukin-6 released by mature osteoblasts, which by turn mediate the differentiation of preosteoclasts into their mature form. This indirect mechanism of differentiation is necessary due to the lacking of osteoclasts for direct receptors to the action of parathyroid hormone.
14 In terms of dietary sufficiency, only 37.4% of the sample were on regular vitamin D supplementation and a mere 3.7% who were taking supplemental calcium. Vitamin D supplementation didn't show correlation with BMD on one-way ANOVA or ANCOVA testing, but proved to be of significance to BMD using Chi-square testing with a p-value of 0.03. Furthermore, children who were on vitamin D supplementation had a higher BMD than those who were not. Calcium showed a positive correlation with BMD, as children who were taking supplements had a higher mean BMD than those who did not. However, 70.2% of total children were regularly drinking milk and 84.2% were consuming dairy products in the form of cheese and yogurt at a minimum of 3 times per week. Furthermore, BMD was found to be directly proportional to the frequency of milk consumption and dairy product intake, with higher means achieved in groups who were on a daily diet including milk and a variety of dairy products. Unfortunately, only 16.6% of the children were getting sufficient sun exposure, when our study outlined that duration of sun exposure is directly proportional to increase in mean bone mineral density. Additionally, a lower BMD was found in children who complained of bone pain when compared to those who did not. Those who were not complaining of bone pain had an average BMD of -1.4, while those who suffered from bone pain demonstrated a mean BMD of -2.0.
A systematic review of the literature including over 600 studies investigating the effect of breast feeding on BMD in children yielded the conclusion that being breastfed has a positive effect on bone density, greater effect in the long term, particularly during adolescence, which is the phase during which approximately 90% of the peak bone mass is attained. 15 It also outlined that in the studies showing a higher BMD with breastmilk, children that were formula-fed had a lower bone mass in comparison. History of feeding in the first 2 years of life was sought from parents, and children were grouped into 3 categories accordingly: 1( those who were exclusively breast fed, 2( those who were exclusively formula fed, and 2( those who were fed a combination of both, breast and formula milk. The highest mean of BMD was found in those who were on a combination of both breast and formula milk, and the lowest in those who were exclusively formula fed. Although breast milk contains lower levels of calcium, vitamin D, and phosphorus, our findings can be explained through previous conclusions reporting a greater bioavailability and absorption of these nutrients from breast milk than other types of milk. It has also been postulated that early introduction to breast milk can lead to alterations in the programming of bone cells that lead to a greater bone mass in later life. 15 Exclusive breastfeeding beyond the first 6 months of life without introduction of a supplementary diet that is nutritionally sufficient and adequate will compromise normal growth and bone development as the infants needs will increase and the breast milk will no longer be enough.
This study provides a novel establishment of the first normative data of BMD determinants in healthy children within the Gulf and Middle-East region, which will add value to existing literature through referencing and use by future research to build up on.
Study limitations. Paucity in similar studies investigating the determinants of BMD using QUS screening in a healthy population of children within the gulf and middle-east region to be used comparatively with our data. Paucity in similar studies overall that investigate bone mineral density using QUS screening in a healthy population of children worldwide that are recent.
In conclusion, height, vitamin D supplements, and combined feeding of breast and formula milk in the first 2 years of life are significant factors in the determination of bone mineral density. Furthermore, lifestyle factors such as diet, physical activity, sun exposure, and calcium supplements play a role in the development of BMD and can be modified to an optimal level to allow for healthy BMD development. Other factors seen to affect BMD without proving significance were gender and pubertal status. This is the only study in Saudi Arabia and the middle-east to study the risk factors promoting a lower bone mineral density in a healthy population of Saudi children using non-invasive QUS. Therefore, our recommendation that future studies should be directed towards investigating risk factors of low BMD in a healthy population of Saudi children in order to establish a true understanding of the determinants of BMD.
